Radar for Subsurface and Ionosphere Sounding (MARSIS) instrument, and the discovery of two 23 geologically recent potential eskers (landforms produced by subglacial melt) associated with 24 viscous flow features in Martian mid-latitudes, has suggested recent basal melting of Martian ice 25 deposits may be feasible, possibly due to locally elevated geothermal heating. Locations of 26 terrestrial subglacial lakes and major drainage axes have been successfully predicted from 27 subglacial hydraulic potential surfaces calculated from surface topography and ice thickness. 28 Here, we use surface topography from the Mars Orbiter Laser Altimeter and SPLD bed 29 elevations derived from MARSIS data to calculate the subglacial hydraulic potential surface 30 beneath the SPLD and determine whether the observed high reflectance area coincides with 31 predicted subglacial lake locations. Given the sensitivity of terrestrial predictions of lake 32 locations to basal topography, we derive over 1000 perturbed topographies (using noise statistics 33 from the MARSIS data) to infer the most likely locations of possible subglacial water bodies and 34 drainage axes. Our results show that the high reflectance area does not coincide with any 35 substantial predicted lake locations; three nearby lake locations are robustly predicted however. 36 We interpret this result as suggesting that the high reflectance area (assuming the interpretation 37 as liquid is correct) is most likely a hydraulically-isolated patch of liquid confined by the 38 surrounding cold-based ice, rather than a topographically-constrained subglacial lake. 39 40 Plain Language Summary 41 Mars' present-day ice deposits are generally assumed to be frozen throughout given its cold 42 climate. However, new evidence from orbital radar data suggests a possible present-day ~20 km 43 wide area of liquid water beneath Mars' south polar ice cap. Recently-discovered landforms in 44 Mars' mid-latitudes have been interpreted as eskers (landforms produced by flowing meltwater 45 beneath glaciers on Earth) and also suggest that subglacial melt may be feasible in Mars' recent 46 past. Subglacial lakes are common on Earth, and their locations have been successfully predicted 47 from ice surface topography and ice thickness, in conjunction with theories for subglacial water 48 flow. In this paper we use the surface topography and ice thickness data for Mars' south polar ice 49 cap to calculate the theoretical locations of possible subglacial lakes, and compare these with the 50 location of the possible present-day area of liquid water. The observed patch of possible liquid 51 water does not coincide with the lake locations we predict. We interpret this result as implying 1 Introduction 56 Ice sheets, glaciers and ground ice distributed between Mars' poles and mid-latitudes 57 [e.g. Plaut et al., 2007; Levy et al., 2014; Souness and Hubbard, 2012; Head et al., 2003 ] contain 58 a total volume of water ice (estimated as ~3.5 x 10 6 km 3 ), comparable to that of all glaciers on 59 Earth excluding the East Antarctic Ice Sheet [Levy et al., 2014] Stroeven et al., 2016; Clark et al., 2017] . 96 The physics of subglacial water flow are well known. Flowers [2015] provides a 97 comprehensive review, but briefly, the overall pattern of subglacial water flow is governed by 98 the subglacial potential surface (calculated from the subglacial topography and ice thickness 99 distribution; Shreve, [1972] ). Local depressions in the potential surface form the nuclei for 100 possible subglacial lakes, as water cannot escape from such depressions until it fills to the 101 elevation of the local 'spill point', the elevation of the lowest point in the constraining potential 102 surface. Calculations of subglacial potential using digital elevation models (DEMs) of ice 103 surfaces and ice thickness (or bed elevations) have proved very successful at predicting 104 subglacial lake locations and volumes for terrestrial ice sheets. In a study of Antarctic lake 105 locations, Willis et al., [2016] show that the centers of lake locations predicted using the 106 calculated subglacial potential surface were a mean distance of 6.3 km from the centers of the 107 379 known (in 2016) lakes. Willis et al., [2016] predict around 100 times as many possible lake 108 locations as the number of known lakes however. Some of this mis-match will be due to the size 109 and remoteness of Antarctica, meaning that the current lake inventory will be incomplete. 110 However, some of the mis-match will be due to errors of commission, where the potential 111 surface predicts a lake where no lake exists. Such errors may be caused by inaccuracies in the Uncertainties in data will also affect the predicted location of subglacial lakes. those which were predicted in the majority of the perturbed-bed experiments. 139 In this paper we use gridded surface and ice thickness maps for the Martian South Polar 140 Layered Deposit [SPLD; Plaut et al., 2007] to calculate the subglacial hydraulic potential. From 141 this, we infer the locations of depressions in the potential surface that would be expected to 142 confine possible subglacial water bodies were basal meltwater available beneath the SPLD. We 143 also predict the main drainage axes that any possible flowing water would be expected to follow. 144 In order to address uncertainties in the bed elevation data (due to the limited resolution of the ice 145 thickness data from the MARSIS sensor, in particular) we adopt a similar approach to 146 Livingstone et al., [2013b] and perform a suite of lake location calculations using DEMs derived 147 from the raw MARSIS data, the mean and median of all radar footprints crossing each point (cf. 148 Orosei et al., [2018] ), and a set of 1000 DEMs interpolated from randomly perturbed bed 149 elevation data, with perturbations calculated using the statistical properties of the elevation 150 differences within the MARSIS data. We use different assumptions of the density of the inferred 151 subglacial liquid, from pure water to saturated perchlorate brine, and we also investigate the 152 impact of the spatial resolution of the interpolated DEMs. From this set of calculations we 153 determine the most persistent predicted lake locations and predicted water flow paths. We then 154 consider the implications of these predictions by comparing the predicted lake locations and 155 persistence values with the high reflectance area (HRA) reported by Orosei et al., [2018] . We 156 use these predictions to consider the likelihood (or otherwise) of a well-connected subglacial 157 drainage system beneath the Martian SPLD, or whether the possible water body inferred from 158 radar reflectance [Orosei et al., 2018] is more likely to be a hydraulically-isolated feature. 159 2 Methods 160 2.1 Modeling lake locations 161 We calculate subglacial hydraulic potential (φ) from the bed and surface elevation 162 [Shreve, 1972] :
where g is gravity (3.711 m s -2 ); ρ w is the density of the subglacial liquid, ranging from Wieczorek, 2008]) and H is the ice thickness (m). k is a dimensionless factor which represents the 169 influence of ice overburden pressure on the local subglacial water pressure, with k = 1 implying 170 the water pressure is at the ice overburden pressure, and k = 0 implying the subglacial water is at 171 atmospheric pressure. In terrestrial systems, k is variable in time and space, especially in 172 situations closer to the ice margin where the ice is thinner and/or heavily affected by seasonal 173 meltwater. In the interiors of ice sheets, where the ice is thicker, and especially for Antarctica, 174 measured water pressures are typically very close to ice overburden. Given the location of the 175 HRA in the interior of the SPLD, and the ~1500 m inferred ice thickness, we assume k = 1 in our 176 simulations. 177 Equation 1 can usefully be re-cast into an alternative formulation which uses Z as before, 178 and also the ice surface elevation, S, where S = Z + H: accumulation values than the three larger adjacent lakes, however, and are topologically more 312 isolated. In topological terms, the SW lake is linked to the E lake via a drainage axis running 313 through the HRA from W to E in the mean and mean perturbed topographies (Figures 6b and d) . 314 For the raw topography DEM (Figure 6a ), the SW lake flows into the SE lake, and then to the E 315 lake, with the predicted drainage axis touching the southern tip of the HRA. For the median 316 topography DEM (Figure 6c) , the routing is different again. The SW lake extends beyond the 317 southern (top) edge of the study area, and flow is directed into the southern edge of the SE lake 318 (outside the area shown in the figure) , and then to the E lake; no substantial drainage axis crosses 319 the HRA. 320 Figure 7a shows the probability values (P) for whether any given pixel is part of a 321 possible lake from the set of 1000 perturbed topography runs. P is calculated by dividing the 322 number of runs in which a pixel is calculated to be within a lake by the total number of runs. 323 Thus, P = 0 for a pixel which was never calculated to be in a lake and P = 1 for a pixel which 324 was calculated to be in a lake in all simulations. Here, the overall position of the three large 325 adjacent predicted possible lakes is robust to perturbation using the calculated elevation variation Guðmundsson, 1993], and then drain catastrophically when the lake volume exceeds a threshold. 396 Subglacial hydrological theory has proved rather successful at predicting the discharge 397 hydrographs of these drainage events [e.g. Nye, 1976; Spring and Hutter, 1981, Fowler, 1999] , 398 and even (though with less certainty) the triggers of the drainage events [Fowler, 1999] . The key 399 finding from Grimsvötn is that the lake forms in a topographic depression beneath the ice, which 400 causes a low in the subglacial hydraulic potential. The lake surface, however, can reach a higher 401 elevation than the top of the topographic lip of the basin as the subglacial potential increases in 402 front of the lake due to thicker ice downstream. This reversed potential slope impounds the lake, 403 not the bed topography in itself. At some critical water level, however, the potential gradient 404 reverses and the lake drains catastrophically, as the large water discharge enables rapid growth of 405 an efficient subglacial drainage system. These drainage events result in catastrophic floods 406 (jökulhlaups) beyond the ice cap margin, and result in the formation of pronounced cauldrons on 407 the ice cap surface. 408 Figure 9 shows the surface and basal topography, and subglacial hydraulic potential, for a 409 transect through the HRA located on the drainage axis between the SW and E depressions 410 beneath the SPLD (shown in Figure 7b ). The reverse gradient in subglacial potential that 411 impounds the two predicted lakes can be clearly seen, but no such reverse gradient exists for the 412 region occupied by the HRA. 413 In addition to local melt, Grimsvötn is thought to also receive melt from upstream [e.g. 414 Fowler, 1999]; the ice cap is also at the pressure melting point, so once discharge from the lake 415 is underway, no thermal barrier exists to prevent drainage. This also contrasts strongly with the 416 situation beneath the SPLD. If locally-raised geothermal heating is necessary to raise the basal 417 ice to the melting point [Sori and Bramson, 2019] , the rate of filling of any putative lake would 418 be far slower. This is because of the lower likely geothermal heating, more rapid loss of heat 419 through the much colder ice within the SPLD, and the lack of any upstream catchment to feed 420 additional melt into the hypothesized lake. The inferred liquid beneath the SPLD therefore seems 421 to be trapped by a thermal 'dam', rather than by variations in the potential surface. This perhaps 422 makes it less likely that the HRA is a true subglacial lake, in the sense of being constrained by 423 topography. 424 The geophysical model results presented by Sori and Bramson [2019] show geothermal 425 heating rising rapidly (over ~0.5 Myr) after the intrusion of a magma chamber beneath the HRA, 426 and then falling more slowly (over the subsequent 1-2 Myr). If the HRA is indeed geothermally-427 heated liquid, it could therefore currently be on the 'rising limb' of heating, and getting larger; at 428 its peak extent (though perhaps this is the least likely scenario due to the shorter duration of peak 429 heating); or on the 'falling limb', and shrinking. If the former is the case, and the extent of basal 430 melt increases in the future such that the area expands to encompass our predicted depressions in 431 the potential surface, then we can speculate whether such an occurrence would allow a 'true' 432 subglacial lake, pinned by the topography, to form. We can also speculate if a rapid drainage 433 event of this lake would occur if it reached some critical volume threshold. Our results do not suggest that the explanation of the HRA being caused by the presence 445 of liquid water [Orosei et al., 2018] is any more or less likely due to it not being in a depression 446 within the calculated subglacial potential surface. Our results also suggest that spatially-limited 447 geothermal heating seems unlikely to produce an active subglacial drainage system capable of 448 sustaining flow across parts of the bed, but rather that spatially-limited heating may produce melt 449 which is pinned in-situ by the surrounding frozen base. This suggests that more extensive basal 
